The gene pem, encoding the pectin methylesterase (PME) of Erwinia chrysanthemi 3937, was cloned and mutagenized by mini-Mu transposable elements. A second gene, pecY, which could act as a negative regulator of PME was found 5' to the pem gene. A PME-E. chrysanthemi derivative inoculated onto Saintpaulia plants was shown to be clearly noninvasive, demonstrating the important role of this enzyme in soft rot disease.
Pectin, the major component of the middle lamella of plant cells, is a heteropolysaccharide with a backbone consisting of partially methylesterified galacturonic acid. Erwinia chrysanthemi 3937, which causes soft rot disease on its natural host, Saintpaulia ionantha, depolymerizes pectin by the concerted action of two types of pectinases: pectate lyase (PL) and pectin methylesterase (PME). PL cleaves internal glycosidic linkages in the pectic polymer by beta-elimination, and PME de-esterifies the pectin by removing methoxyl groups to yield polygalacturonate and methanol. Five isozymes of PL have been shown to be produced by E. chrysanthemi 3937 (1). Five pel genes organized in two clusters (pelADE and peIBC) encode these five PL activities (7) . Each gene is transcribed from its own promoter and transcription is induced in the presence of polygalacturonate (5, 13) . Cloning and mutagenesis of the pel genes in Escherichia coli, followed by reinsertion of the mutagenized gene in E. chrysanthemi, have been used to study the roles of the individual PL isozymes in pathogenicity (2). It has been shown that the basic (PLe and PLd) and acidic (PLa) isozymes are essential for systemic infection of the plant. However, since the PLs of E. chrysanthemi have a poor activity on methylated substrates, (Y. Bertheau, personal communication), PME must be important in the process of pectin degradation.
To understand the role of PME during soft rot disease, the gene encoding this activity was isolated from a cosmid library of E. chrysanthemi 3937. The pem gene was known to be located near the pelADE cluster on the 3' side of the pelD gene (7) . The cosmid carrying the pem gene was selected by replicating all the bacterial clones of the library onto pectincontaining medium (M9 agar medium [10] revealing the activity as previously described (4). The pemn gene, carried on a 4.6-kilobase HindIII-PstI fragment, was subcloned in plasmid pUC9 (15) , and the resulting plasmid was named pPV0124. To obtain a PME-derivative of E. chrysanthemi 3937, the plasmid pPV0124 was mutagenized by two different mini-Mu transposable elements (3), MudI1374 and dMudPR13, as already described (2). These mini-Mu derivatives contained a chloramphenicol transacetylase gene (dMudPR13) or a neomycin phosphotransferase (kanamycin kinase) gene (MudI1734). The two mini-Mu derivatives both lack transposase genes and give * Corresponding author.
rise to stable insertions. They both contain an incomplete lactose operon and give rise to lacZ fusions. The plasmid pPV0124 was introduced into strains carrying mini-Mu and its helper bacteriophage. Phage lysates were used to transduce E. coli M8820 (lacZ), and the Lac-and Lac' transductants selected on kanamycin-or chloramphenicol-containing medium were subsequently plated onto pectincontaining medium and screened for PME activity (4). Surprisingly, in addition to PME-and PME+ clones, another class of clones overexpressing the PME was isolated (PME++). To localize the insertion sites of mini-Mu, the DNA content of the PME-and PME++ clones was hydrolyzed by the restriction enzymes BamHI and EcoRI (Fig. 1) . The insertions giving a PME-phenotype were localized on a 1-kilobase region. The insertions with a PME+ + phenotype all mapped between the pem gene and the pelD gene. This region was called pec Y and should correspond to a gene, as it spans about 500 base pairs, which is too large for an operator sequence; furthermore, translational fusions were obtained in this region. The pem gene and the pec Y gene are transcribed in the same direction; however, they must be independent units of transcription, as insertions in the pecY gene have no polar effect on pem gene expression. These results correlate well with the sequencing data published by Plastow (12) of the pem region of E. chrysanthemi B374 (the organizations of the pectinase genes of E. chrysanthemi 3937 and B374 have been previously shown to be very similar [13] ).
To study the pem gene regulation in E. chiysanthemi, insertion or lacZ fusions in pem and pec Y genes were subsequently substituted for the chromosomal allele of a a(lcZ derivative of E. chrysanthemi 3937 (L37) (7) by homologous recombination (5). The recombinations were verified to be correct by electrofocusing as previously described by Bertheau et al. (1). 3-Galactosidase activity was measured in lysate for the different mutagenized strains and in the reference lacZ strain (L37) from bacteria grown overnight in M9 minimum medium and 0.5% glycerol with or without 0.5% polygalacturonate, which induces PME, ( known to retain a low 3-galactosidase level because of the lacB gene (7). To study the effect of the pecY gene product on pem gene expression, we constructed a double mutant, PMV4105; a mini-Mu insertion in the pecY gene, carried by the plasmid pPV0126, was introduced into PMV4103 (pemlacZ) and marker exchange was subsequently selected. When pecY was mutagenized, the expression of the pem gene was increased in the absence of polygalacturonate and slightly reduced in the presence of the inducer (Table 1) . This result was confirmed by measuring PME activity by diffusion assay in an induced culture of L37 and PM4104 (pecY-lacZ) strains (data not shown). To study the effect of the pec Ygene product on PL synthesis, total PL activity was measured in the culture supernatants of the different mutant strains (Table 1) . No differences between the L37 strain and the mutant strains were observed. Studies on the regulation of PL synthesis in E. chrysanthemi have shown that several regulatory genes control the expression of the pel gene in the presence of polygalacturonate (8) . The pecY gene product, however, seems to behave like a negative regulator of the pem gene, only effective in the absence of the inducer. The mutagenized pem gene was reintroduced into the E. chrysanthemi 3937 wild-type chromosome by exchange re- combination, and the virulence of the strain PMV4106 (PME-) was tested on mini-Saintpaulia plants as already described (2, 6). In experimental conditions, when the wild type showed 80% of systemic response, the PME-mutant was clearly noninvasive, as we obtained 80% of localized response (Fig. 2) . Furthermore, bacteria were reisolated from different parts of the infected plants (6) , and no living bacteria could be detected beyond the macerated areas. This result shows that PME is important for systemic invasion of Saintpaulia plants. Studies of the regulation of this enzyme and its regulator in planta should help to understand the role of PME in vascular soft rot development.
